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Abstract
Growing interest in the environmental effects of agricultural practices has led to increased research about the
relationships between land use, soil moisture, groundwater hydrology, and environmental quality. Soil
properties and parent material stratigraphy (the sequence of deposits) are important factors affecting
groundwater flow patterns and fertilizer and pesticide transport through the soil. However, the interactions
among shallow groundwater systems, soil geomorphology (the study of land forms, their origin, and their
development) and near-surface stratigraphy have not undergone detailed investigation. This lack of knowledge
has hampered attempts to evaluate the environmental effects of differing agricultural systems.
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Environmental effects of two contrasting farming systems 
in the Clarion-Nicollet-Webster soil association area 
Background 
Growing interest in the environmental effects 
of agricultural practices has led to increased 
research about the relationships between land 
use, soil moisture, groundwater hydrology, 
and environmental quality. Soil properties 
and parent material stratigraphy (the sequence 
of deposits) are important factors affecting 
groundwater flow patterns and fertilizer and 
pesticide transport through the soil. However, 
the interactions among shallow groundwater 
systems, soil geomorphology (the study of 
land forms, their origin, and their develop­
ment) and near-surface stratigraphy have not 
undergone detailed investigation. This lack of 
knowledge has hampered attempts to evaluate 
the environmental effects of differing agricul­
tural systems. 
Because it is unfeasible to conduct research on 
every acre of land, soils, hydrology, stratigra­
phy, and geomorphology must be linked so 
that knowledge of the relationships in one soil 
landscape can be transferred to similar areas. 
To acquire such knowledge, investigators in 
this study sought to establish a basic under­
standing of soil landscapes in order to allow 
quantitative comparison of the effects of farm­
ing practices on the environment. This re­
search was part of a larger cooperative project 
of the USDA-ARS—National Soil Tilth Labo­
ratory and Iowa State University Agriculture 
Experiment Station that quantitatively com­
pared environmental and economic effects of 
alternative and conventional farming systems. 
The primary goal of this project was to exam­
ine the relationships among soils, stratigra­
phy, geomorphology, soil moisture regimes, 
and groundwater flow under different man­
agement systems in order to construct a gener­
alized model of these relationships for the 
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Clarion-Nicollet-Webster soil association. 
Objectives included 
(1) preparing detailed soil and parent material 
morphological descriptions of cores ex­
tracted from the site; 
(2) quantifying selected soil and parent mate­
rial properties of subsamples from cores; 
(3) constructing detailed soil,	 geomorphic, 
stratigraphic and hydrologic maps of the 
site; 
(4) evaluating profiles above and below the 
saturated zones for presence and amount of 
nitrate and ammonium and examining rela­
tionships, if any, to management system; 
(5) examining the relationships between the 
nitrogen contents of the soil cores and soil, 
geomorphic, stratigraphic, hydrologic, and 
management parameters of the site; 
(6) measuring depth to saturated zone for se­
lected soil map units weekly or biweekly; 
and 
(7) determining direction of subsurface water 
movement by field area and soil map unit. 
Approach and methods 
The research was conducted on two adjacent 
80-acre tracts in Boone County. One 80-acre 
field is managed under an alternative system; 
the other is conventionally farmed. Primary 
differences in management practices involved 
pesticide use, nutrient sources, and type of 
crop rotation. The differing practices have 
been used on each tract for at least the last 20 
years. 
The south half of each 80-acre field was di­
vided into a 48-meter (m), or 157-foot grid. A 
two-inch core was extracted from each grid 
intersection for a total of 128 cores. The grid-
line cores helped determine soil boundaries 
more precisely. Sampling depths ranged from 
2 to 7 m. Investigators collected an additional 
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64 cores from a grid surveyed on the remaining 
two adjacent 40-acre fields. Management was 
the same between the north and south half of 
each 80-acre tract. Sampling depths on these 
cores ranged from 2 to 4 meters (7 to 13 ft). 
The samples were wrapped in waxed paper 
and placed in cold storage in the laboratory. 
Detailed descriptions of the soil morphology 
and parent material were made on each core, 
and they were also classified to the soil series 
level. Investigators subsampled the cores at 
morphological boundaries or in 15-centimeter 
(10-inch) increments within similar morpholo­
gies in the soil sola (topsoil plus subsoil); 
parent material was subsampled in 25-cm in­
crements or where differences in physical or 
chemical properties were apparent. Particle 
size distribution was determined. All samples 
from the south fields were analyzed for total 
nitrogen and total carbon, nitrate, and ammo­
nium contents by the USDA-ARS coopera­
tors. 
To study hydrology, investigators installed 47 
piezometers at 16 sites in a single traverse that 
crossed several landscape positions and the 
fields of each management system. Water 
levels were monitored bi-weekly or weekly. 
Detailed soil mapping was completed in 1991; 
an outline of the sampling grid, which had 
been re-established on the site prior to map­
ping, served as the base map. 
Soil-landscape relationships were then inves­
tigated by means of computerized soil and 
topographic maps. A soil map of the site (scale 
1:3305) was constructed on the basis of de­
tailed field observations and digitized by using 
the sampling grid as a base map and the data 
from the previously collected cores. The soil 
map unit composition (calculated from an over­
lay map created with the detailed soil map and 
Boone County soil survey maps) was then 
used to evaluate the same Boone County soil 
survey map of the site by means of a Geo­
graphic Information System (GIS), a comput­
erized means for analyzing and combining 
different types of maps. 
Investigators used these detailed soil and geo­
morphic maps to determine the size and loca­
tion of unmapped soils included in the map 
units of the county survey. Three-dimensional 
net diagrams of surface elevation were pre­
pared with the GIS, and soil lines of both maps 
were draped on this surface (see Fig. 1). This 
provided a model that coupled the soil map 
units with landscape position and allowed di­
rect comparison of soil boundary placement 
during mapping at differing scales and intensi­
ties. 
Land-use interpretations predicted by the de­
tailed and county survey maps were produced 
from digitized soil map data entered into the 
ISOIL (Iowa Soils) soil information system. 
ISOIL was developed at ISU for the Iowa 
Cooperative Soil Survey to facilitate soil sur­
vey data retrieval and analyses for potential 
users. Interpretive maps and tables were also 
produced for the Boone County survey of 
adjacent parcels managed by the farm coop­
erators whose tracts were being used in this 
study. These interpretations included pre­
dicted and weighted average yields of corn, 
soybean, oats, and alfalfa yields grown at the 
site for each field and the entire site. The 
predicted yields were compared to the mea­
sured yields for several years; these yields had 
been provided by the farm cooperators and 
since 1989 by the National Soil Tilth Labora­
tory cooperators. 
Findings 
A model of landscape evolution was devel­
oped in this project. The stratigraphic sections 
below each sampling site were constructed 
from morphological and particle size data. 
These sections were then used to construct 
detailed geomorphic and stratigraphic maps 
and cross sections. Two layers of erosional 
sediments overlying Wisconsin age glacial till 
were identified; the lowermost was a stratified 
sand to sandy loam material. The upper part of 
this sediment frequently contained alternating 
thin layers of silt and sand overlain by a clay 
loam to silty clay loam fine sediment. The 
erosional sediments were deposited after gla­
cial till deposition. Radiocarbon dates from 
two buried surface horizons at a depth of 
approximately five feet were about 4,300 years 
before present. These dates from erosional 
sediments indicate the soils on this landscape 
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are younger than 4,300 years. The postglacial 
sediments were restricted to swales between 
topographic highs; they were generally thick­
est in the center. Properties of the stratified 
sand unit resemble a stream deposit, but no 
buried channel was noted on the geomorphic 
maps. The sediments were probably deposited 
by local runoff flowing toward several small 
depressions on the original glacial till surface. 
Investigators found that the vertical anisot­
ropy of hydrologic properties—that is, un­
equal physical properties along different axes— 
promoted development of a shallow circulat­
ing groundwater system with predominantly 
lateral gradients. Unjointed, very slowly per­
meable glacial till underlying the study site 
was interpreted to be hydrologically inactive 
compared to the overlying jointed till and the 
postglacial sediments. The water table gener­
ally mirrored the surface topography except 
during periods of low water levels. Tile drain­
age moves much of the water that infiltrates 
the soil out of the area. 
The GIS analyses provided insights into county 
soil survey mapping precision; it allowed in­
vestigators to determine the extent of unlike 
soils included in the county soil survey map 
units. Map units were composed of 22% to 
74% of the soil for which they were named; 
most of the site did not meet the 50% guideline 
for mapping purity set by the National Coop­
erative Soil Survey. A large percentage of the 
dissimilar soils occurred at the margins of each 
map polygon. The reason for this occurrence 
was evident from the soil geomorphic maps: 
county soil survey boundaries at this site were 
usually drawn parallel and downslope from 
the boundaries on the detailed map. Investiga­
tors attributed these differences to the diffi­
culty in interpreting black and white patterns 
on the aerial photograph base map used to 
construct the county survey maps. 
This study ys findings support the concept of 
applying soil survey data to agricultural land 
use questions. More detailed mapping did not 
change the agricultural predictions on which 
these data were based. For example, average 
predicted crop yields for the site derived from 
the different scale maps were nearly identical. 
Fig. la. Surface net 
and contour maps of 
till surface. 
Fig. 1b. Surface net 
and contour maps of 
stratified sediment 
plus till. 
Fig. 1c. Surface net 
and contour maps of 
present surface. 
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This was due to the high percentage of soils 
with similar predicted yields as the mapped 
soil in each map unit. The predicted yields for 
the conventionally farmed field agreed well 
with the measured yields. The agreement was 
not as good for the alternatively managed 
field, but this was not surprising given that the 
predicted yields for each soil map unit were 
derived from conventionally farmed sites. 
However, a relative comparison of potential 
productivity of the individual fields was still 
valid. The use of county soil surveys is an 
acceptable tool to quantitatively compare land­
scapes for the interpretations tested. How­
ever, for other, more intensive land uses—for 
example, building site selection—the vari­
ability of the map units require on-site inves­
tigations. 
Implications 
Results from this study provide a better under­
standing of the soil and landscape relation­
ships for the Clarion-Nicollet-Webster soil 
association area. This association area repre­
sents about 20% of the land area of Iowa, more 
than 7.5 million acres, which also extends into 
Minnesota. The area has a high percentage of 
naturally poorly and very poorly drained soils 
that have been artificially drained. Under­
standing of the soils as they relate to stratigra­
phy and hydrology is necessary to determine 
the direction of water movement in the surface 
and subsurface horizons. 
This study suggests that much of the area has 
a shallow, circulating groundwater system with 
predominantly lateral gradients. This situa­
tion results from the vertical anisotropy of the 
sediments and the presence of a slowly perme­
able glacial till underlying the more permeable 
material above. This concept helps to explain 
the similarity of the distribution of nitrate and 
herbicides in the soil profiles studied. Well-
managed conventional and alternative farm­
ing systems did not differ in their risk for 
groundwater N pollution in these soil land­
scapes. The model proposed for landscape 
evolution indicates postglacial cycles of ero­
sion and places the age of the soils and land­
scapes in this area as less than 4300 years old. 
The model developed here helps to explain the 
distribution of soils on the landscape and the 
stratigraphy of the area. 
The GIS database developed in this study 
provided a mechanism to examine the compo­
sition of standard soil survey map units as 
compared to more detailed surveys; the GIS 
database developed here was used by other 
researchers and will likely be used for addi­
tional future studies in this area. These inves­
tigators' analyses suggest that cartographic 
line width can be a considerable component of 
actual area of enlarged maps, and its effect on 
GIS analysis should be considered. However, 
detailed mapping had no effect on predicted 
yield interpretations, which was attributed to 
the high percentage of similar inclusions in the 
soil map units. 
This project has been observed via field trips 
by technical committees of the Cooperative 
States Research Service; much of the informa­
tion generated by the project has also been 
disseminated through journal articles, techni­
cal papers, and conference presentations. 
Ultimately, more information about soils, par­
ent materials, topography, and groundwater 
flow is needed to best determine how the 
environment interacts with agriculture. This 
project yielded a wide variety of data about 
how these soils were formed, how water moves 
through them, and how factors varied depend­
ing on position in the grid. This comprehen­
sive approach to evaluating landscapes can 
help in assessing the suitability of a site for 
intensive uses. 
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